When an animal has found and consumed food at a new location, information about whether and when food will be present again could improve future foraging efficiency. A series of rapid returns followed by less frequent visits and finally abandonment of the patch could provide such information. By analogy with area-concentrated (area-restricted) search, we call this hypothesized pattern ''time-concentrated sampling''. We tested whether eastern chipmunks (Tamias striatus (L., 1758)) would show time-concentrated sampling in the field and whether the pattern of visits would be affected by patch value. We used peanuts to induce animals to discover a small patch of sunflower seeds. After depleting the patch, returning to find it empty, and leaving without food, 36 of 40 animals returned on sampling visits. Sampling rate was initially high and declined over 4 h. The number of peanuts and number of visits where seeds were obtained positively predicted sampling rate, but the volume of sunflower seeds presented and the distance to the burrow did not. We conclude that chipmunks exhibit flexible time-concentrated sampling.
Introduction
Animals foraging in environments where resources are aggregated into patches of variable quality with unpredictable patterns of renewal face a problem of incomplete information (Stephens and Krebs 1986) . Tracking the environment by repeatedly visiting patches that have been previously encountered and depleted (''sampling'') can allow an animal to selectively exploit richer patches and minimize time in poorer patches (Stephens and Krebs 1986) . Sampling, however, requires time and energy that could be spent exploiting other patches, resulting in a potential trade-off between short-term and long-term gain (McNamara 1982) . Adjusting sampling patterns to the renewal characteristics of the patch can reduce such costs (Stephens and Krebs 1986; Stephens 1987; Dall et al. 1999; Inglis 2001) . Although there is evidence that animals sometimes change their sampling in response to differences in patch characteristics (Tamm 1987; Shettleworth et al. 1988; Inman 1990; Hall 2004) , there has been no previous consideration of how an animal that has just depleted a novel patch (a patch at a location where it has not previously encountered a given food type) should behave to gain information concerning the renewal characteristics of that patch.
We hypothesize that a rapid series of sampling visits to the patch should provide information concerning the probability of a quick renewal, as well as a foraging benefit if a renewal occurs. If a renewal is not encountered, a decreased rate of sampling should allow monitoring of the patch at minimal cost. After a long period without renewal, a patch should not be visited at all because it is unlikely to renew. This pattern is the temporal analog of the widely recognized ''area-concentrated search'' strategy (Benhamou 1992) , first described as ''area-restricted search'' by Tinbergen et al. (1967) , in which animals having discovered a prey item temporarily intensify their search effort in adjacent space. We therefore propose the term ''time-concentrated sampling''. We predict that time-concentrated sampling will be used by species that exploit patches where renewals are clumped in time or where the renewal characteristics are variable and poorly predictable between patches but have some consistency within patches. Alternatives to time-concentrated sampling include actively avoiding the location of a depleted patch, either permanently or temporarily, or sampling a given location at a rate that is independent of experience (e.g., no change in sampling rate over time). Time-concentrated sampling would not be adaptive if patches do not renew (e.g., , have a refractory period before renewal (e.g., ripening of a fruit crop), or if there is no spatial or temporal correlation in patch characteristics (Stephens 1987) . If renewal occurs continuously as in nectar production, sampling at regular intervals is likely to be advantageous (Possingham 1989; Ohashi and Thomson 2005) . These alternative patterns are expected if animals are adapted to such resources or if previous experience with other patches predicts the renewal characteristics of a novel patch (Giraldeau 1997) .
The optimal rate of sampling and the pattern of decline in sampling rate are likely to depend on so many variables (e.g., number and value of alternative patches, competition, available time) that a quantitative prediction of field rates would be difficult. We expect, however, that foraging animals will be sensitive to the value of the patch that they are exploiting (Stephens and Krebs 1986) . Stephens (1987) concluded that animals should sample a location at a higher rate when renewals which occur in that location are more valuable relative to a constant alternative. We therefore expect animals to sample at a higher rate and decrease their rate of sampling more slowly following depletion of more valuable patches.
The purpose of this study was to determine whether eastern chipmunks (Tamias striatus (L., 1758)) foraging in the field show the qualitative pattern expected for time-concentrated sampling and whether this pattern changes in response to patch quality. Chipmunks are diurnal, central-place foraging sciurid rodents that collect the seeds of American beech (Fagus grandifolia Ehrh.), maple (genus Acer L.), and oak (genus Quercus L.) trees on the ground and store them in a larder hoard in their burrow (Elliott 1978) . They are not territorial and home ranges overlap extensively (Elliott 1978) . Aggressive competition occurs at concentrated food patches, with access being determined by distance from the burrow as well as other factors (Elliott 1978) .
Time-concentrated sampling should be a useful strategy for chipmunks. The patchy distribution of their food is created by variation among trees in seed production and, at a smaller scale, by depressions in the ground where seeds collect. Patches are renewed by gusts of wind that cause ripe seeds to fall and by foraging gray squirrels (Sciurus carolinensis Gmelin, 1788) that clip seeds in the canopy. Chipmunks also forage to a lesser extent on other patchy food sources that renew (e.g., seeds or fruits of herbs and shrubs that ripen over an extended period) or do not renew (e.g., pilfered scatter hoards of other chipmunks and eggs and young of ground-nesting birds) (Elliott 1978; Clarke and Kramer 1994a; K.W. Gibson, personal observations) . In addition, at our site, like many others, humans provide food to chipmunks that return repeatedly after hoarding or consuming the food. As a result of variation in the time that humans remain at one location and the amount of food that they provide, the ''renewal characteristics'' of patches arising from human provisioning also differ greatly (K.W. Gibson, personal observations).
Methods

Study population and area
From 9 June to 27 October 2000, we studied eastern chipmunks in a beech-maple forest in the public area of McGill University's Gault Nature Reserve at Mont St. Hilaire, 35 km southeast of Montréal, Quebec, Canada. The population size during this study was much smaller than in previous studies at this location, probably because of the reduced food supply resulting from damage to the trees during a severe ice storm in January 1998, and chipmunks seemed to travel farther from their burrows than in previous years. We studied both adults and young of the year that had reached adult mass and had established adult patterns of larder hoarding to a burrow (see Clarke and Kramer 1994a) . Throughout the field season, we trapped individuals in Longworth traps (Alana Ecology, Bishop's Castle, UK) and marked them with an ear tag and a unique pattern clipped into the fur to allow recognition at a distance. During trapping and handling, animals were cared for according to the principles and guidelines of the Canadian Council on Animal Care (1984, 1993) . The protocol was approved as McGill University animal use protocol 3990 and we obtained a trapping permit from the Quebec provincial government (No. 110-16-S-F). We determined burrow locations for as many individuals as possible by providing a chipmunk with peanuts and observing where it hoarded them.
Trials
We initiated trials by searching areas where chipmunks were active, by scattering two or three peanuts around an observer to attract animals, or by setting up a trial site and waiting for a chipmunk to arrive. If a chipmunk was observed at a site before the trial had been set up, we threw it a peanut to maintain its interest in the area. While the chipmunk was hoarding the peanut, the observer began to set up the trial. If the chipmunk returned before the set up was complete, the observer tossed one or more additional peanuts to it. Peanuts were presented 3-5 m from the experimental patch, with the total received by an individual (minimum = 0, maximum = 10, median = 5) affected by whether a site had been set up before the chipmunk arrived, whether peanuts had been scattered before the chipmunk arrived, the speed with which the chipmunk returned, and the time required to set up the site.
Patches consisted of a 1 m Â 1 m area of forest floor. The observer spread either 15 or 150 mL of large, striped sunflower (genus Helianthus L.) seeds, sorted to remove broken or empty seeds, in a 40 cm Â 40 cm area in the centre of the patch. These volumes correspond to about 1.5 and 15 cheekpouch loads, respectively (K.W. Gibson, unpublished data). The seed volume (15 or 150 mL) was randomly determined at each trial. All data were recorded from a 2 m high stand located 3-5 m from the patch. The experiment consequently took place within an area of approximately 5 m radius. The observer was not concealed but remained quiet and as motionless as possible during each trial. Chipmunks tend to ignore an observer in a raised position (Elliott 1978) . The first observation phase of the experiment, the exploitation phase, began when the chipmunk first left the patch with a load of sunflower seeds. Trials proceeded only if the first load was taken at least 5 h before sunset. The observer recorded the time the focal chipmunk entered and left the patch and its behaviour in the patch. Loading involved placing seeds into the cheek pouches, either in a bipedal position with the front paws being used to assist loading or in a quadripedal position with the snout close to the substrate. In the latter position, a brief pause and slight backward head movement permitted us to recognize loading of seeds. Searching involved moving the snout over the substrate, usually with a slow walking gait. Occasionally, chipmunks fed in the patch by husking a seed and biting and chewing pieces of the kernel. The observer also recorded whether patch visits were interrupted, including when the focal chipmunk was frightened out of the patch (e.g., by a falling branch, a gust of wind, or a movement by the observer), was chased out of the patch by a conspecific, or left the patch to chase another individual. As a result of such interruptions, not all visits to a patch by each focal chipmunk during the exploitation phase resulted in the acquisition of seeds. Furthermore, load sizes probably varied, but we were not able to count the actual number of seeds collected. Although other chipmunks sometimes exploited the patch, each focal individual obtained at least one load of seeds in the 15 mL patch and more than one load in the 150 mL patch. It was not possible to record all competitors because not all other chipmunks were marked and because attempting to do so would have compromised observations of the focal individual.
The 4 h sampling phase began in one of two ways. Most commonly, a chipmunk returned to a depleted patch and left again without loading, feeding, or interruption. We then assumed that it had experienced the patch as depleted and the 4 h sampling phase began at the end of that visit. Alternatively, individuals left the patch with five or fewer seeds remaining, as determined by a careful search using binoculars, and did not return for at least 1 h. We considered the sampling phase to have started at the end of the last visit, which avoided a potential bias against chipmunks that did not return soon, or at all, after depleting a patch. Once the sampling phase began, we considered all subsequent visits to be sampling, although a few seeds were occasionally found during these visits (maximum = 3, median = 0). The trial was abandoned if the chipmunk left the patch for an hour before depleting it (6 or more seeds visible). Trials were also abandoned if high winds or heavy rain occurred or if the chipmunk was chased by all other individuals that visited the patch because animals rarely revisit patches under these conditions. To avoid interspecific interference, gray squirrels that discovered the patch were lured away by throwing hazelnuts (genus Corylus L.), which chipmunks cannot open and generally do not hoard (K.W. Gibson, personal observations). We completed 20 trials with 15 mL patches and 20 with 150 mL patches on different individuals and were able to locate the burrows and measure burrowpatch distances for 27 of the 40 individuals (maximum = 150 m, minimum = 10.5 m, median = 37 m).
Statistical analyses
We carried out statistical analyses using a mixed-model
Poisson regression with the program MIXPREG (Hedeker 2001 ). This statistical model allows us to take into account the non-normal distribution of our data and to control for the nested nature and partial dependence of the data. The dependent variable is the number of visits to the patch per half-hour interval during the sampling phase for each individual (n = 40 individuals Â 8 intervals = 320). The number of visits in consecutive half-hour intervals are not independent, and we therefore nested time (sequential half-hour interval) within individual (a random effect). We tested the fixed effects of time (a discrete variable of eight half-hour intervals), amount of sunflower seeds in the patch (a binary variable coded as 0 for 15 mL and 1 for 150 mL volumes), number of peanuts obtained (a discrete variable ranging from 0 to 10), and burrow-patch distance (a continuous variable ranging from 10.5 to 150 m) against the number of sampling visits per half hour. Because burrow-patch distance was available for only 27 individuals, a subsample of n = 216 records was analyzed for this variable. We determined the most parsimonious model by using likelihood ratio tests to eliminate first the two-way interaction terms and then the independent variables that did not significantly improve the fit of the model (Crawley 1993) . We excluded higher order interactions from the analyses because our sample size was not large enough to include them without unbalancing the design. In presenting the results, we have included the maximum marginal likelihood estimates, standard errors (SE), Z values, and p values of the minimal model, although their use to perform hypothesis tests under these conditions is controversial (Hedeker 2001) . The intercept is a measure of individual variation (Hedeker 2001) . Although the maximum marginal likelihood estimates give estimated values for the explanatory variables and a measure of individual variation, the model simplification procedure is a more conservative test.
Results
Eastern chipmunks exploited 15 mL patches in fewer visits than 150 mL patches (15 mL: median = 5 visits, interquartile range = 4-7 visits; 150 mL: median = 15.5 visits, interquartile range = 11.5-19.5 visits; Mann-Whitney U test: U = 399, n 1 = n 2 = 20, p < 0.001). Exploitation visits to 150 mL patches generally occurred at short, regular intervals, but the pattern was less clear with the small number of visits to 15 mL patches (Fig. 1) . During the sampling phase, 36 chipmunks repeatedly visited these novel patches that they had depleted up to 4 h previously, but visits were less regular and less frequent than during exploitation. Six individuals did not return within the 1st hour and four animals did not return within the observation period (Fig. 1) .
Chipmunks decreased their rate of sampling over the eight half-hour intervals following depletion of the patch. Time had a highly significant effect on the fit of the model (Table 1) and was a significant explanatory variable with a negative estimate in the minimal model (Table 2 ). This is illustrated by the percentage of animals sampling and the total number of sampling visits in each interval (Fig. 2) . More than half of the total visits occurred during the 1st half hour and 70% of the animals visited during this interval (Fig. 2) . Fewer than 30% of individuals visited during each of the following 3 hours and only 5% of animals visited during the last half hour (Figs. 1, 2) . The significant intercept term in the minimal model (Table 2) indicates that there was variation among individuals.
Chipmunks that received more peanuts sampled at a higher rate throughout the observation period. The number of peanuts significantly affected the fit of the model (Table 1) and was a significant explanatory variable with a positive effect in the minimal model (Table 2) . No two-way interaction terms significantly affected the deviance of the model (all p > 0.5). Because the interaction between time and number of peanuts was not significant, there is no evidence that the number of peanuts affected the change in sampling rate over time.
Chipmunks did not adjust their pattern of sampling to the volume of sunflower seeds in the patch or to the distance between the patch and the animal's burrow. Neither sunflower seed volume (likelihood ratio = 0.477, p > 0.05) nor the interaction between time and sunflower seed volume (likelihood ratio = 0.793, p > 0.05) significantly affected the fit of the model to the data (Table 1) . For the 27 chipmunks for which burrow distance was known, neither the distance (likelihood ratio = 0, p > 0.05) nor the interaction between time and distance (likelihood ratio = 2.848, p > 0.05) had a significant effect on the fit of the model. The effects of time and peanut number and lack of effects of seed volume and distance were robust when subsamples of the data were analyzed to minimize variation in the number of peanuts obtained (3-7 peanuts, n = 30 trials; 5-6 peanuts, n = 14 trials). Note: The null model represents the total deviance of the data. The maximal model includes all the factors; no two-way interaction terms were significant and so were not included. The models that follow show the deviance of the maximal model without the specified factor. The p values are derived from a 2 test of the likelihood ratio. The critical 2 value in all cases is 3.841. Time is the half-hour interval (1-8), peanuts is the number of peanuts presented (0-10), and sunflower seeds is the volume of sunflower seed presented (15 mL or 150 mL). The minimal model includes only those factors which, when removed, significantly affect the model deviance.
Because animals may have varied in the proportion of seeds that they obtained from the patch as a result of differences in number of competitors, dominance, distance to burrow, and other factors, we repeated the analysis of the full data set including the number of trips in the exploitation phase during which seeds had been obtained. The results were similar. Time remained the strongest effect (likelihood ratio = 155.883, p < 0.001). The number of peanuts was significant (likelihood ratio = 6.935, p < 0.01), whereas treatment was not significant (likelihood ratio = 3.735, p > 0.05). However, the number of visits was significant (likelihood ratio = 6.056, p < 0.05). There was also a marginally significant interaction between treatment and number of peanuts (likelihood ratio = 3.859, p < 0.05).
Discussion
Time-concentrated sampling
When eastern chipmunks discover a rich food patch, they normally fill their cheek pouches, take the load directly to their burrow or to a scatter-hoarding site, and then return promptly to continue collecting food in the same patch (Kramer and Weary 1991) . To maximize short-term foraging gain, chipmunks should not return to a patch that has been emptied or depleted to such a low level that the foraging gain rate is lower than elsewhere in the environment. In this study, however, most chipmunks returned to the patch location multiple times despite failing to find food there each time. The pattern differed from patch exploitation in the longer intervals between returns. Overall, there was a strong effect of time since depletion of the patch. The rate of sampling was highest in the 1st half hour and then declined. Our 4 h sampling phase was as long as seemed practical using direct observation. Although it is possible that some animals had abandoned the patch by the fourth hour, a preliminary study in a previous season showed that some chipmunks continued to return to novel depleted patches for at least 9 h (K.W. Gibson, unpublished data). The pattern we observed clearly differs from temporary or permanent avoidance of a depleted patch and from regular sampling and matches time-concentrated sampling. To the best of our knowledge, this is the first field documentation of the temporal pattern of sampling following the permanent depletion of a novel patch. However, Williams and Thomson (1998) documented regular patterns of visitation by individual bumblebees (Bombus flavifrons Cresson, 1863) over the course of a single day to the renewing nectar source at a newly available flowering Penstemon strictus Benth.
It is unlikely that the sampling we observed in chipmunks occurred by chance. Previous studies report that chipmunks in similar habitat spend most of their time within 25 m of their burrow (Elliott 1978) , giving an area of primary use measuring about 2000 m 2 . This makes it very unlikely that a patch measuring only 1 m 2 would receive one or more visits during a 30 min period unless the animal was visiting that specific location. In our study, the probability of a visit by chance would be even lower because chipmunks spent considerable time more than 25 m from their burrows and 18 of 27 patches for which burrow distance could be measured were between 25 and 150 m away.
Previous theoretical and empirical studies of sampling have considered the relationship between sampling rate and patch characteristics in a steady-state situation where animals foraging in a constant patch use sampling to determine when an alternative, richer but intermittent patch has food available (Stephens 1987; Tamm 1987; Shettleworth et al. 1988; Inman 1990; Dall et al. 1999) . Some suggest that regular sampling of a limited set of patches (traplining) can be advantageous for renewing resources such as nectar (Possingham 1989; Ohashi and Thomson 2005) . However, these studies have not addressed how an animal can efficiently determine the renewal characteristics of a novel depleted patch when renewal is not as predictable as it is for nectar. Our study complements investigations of the optimal steady state of patch visitation by showing that animals in their natural habitat exhibit behaviour that would allow them to detect a rapid renewal with high probability and a later renewal with somewhat lower probability but without excessive time costs. The presence or absence of renewal would provide chipmunks with information to guide future sampling patterns at that site. Further support for this suggestion would require evidence that sampling patterns are affected by the timing of additional renewals.
Effects of patch quality
We expected that chipmunks would sample at a higher rate and for a longer time after depleting high-quality patches than after depleting low-quality patches. Higher sampling could be manifest by a higher initial sampling rate, a slower decrease in sampling rate, or both. In our study, patch quality was potentially affected by the amount of sunflower seeds provided, by the number of peanuts given before the start of the trial, by the distance of the patch from the focal chipmunk's burrow, and by the amount of intraspecific competition. In nature, a rich patch may result from a higher rate of renewal during the previous period. If renewal rates are consistent over time, patches that are better than average at one visit may be better than average on subsequent visits. Patches closer to the burrow may be more valuable because the travel cost of exploiting them is lower and because chipmunks are more likely to be dominant over competitors when they are closer to their burrow (Elliot 1978; Ydenberg et al. 1986 ). Competition may reduce the value of a patch by decreasing the amount of food available, by increasing the probability that another individual will discover and exploit a future renewal (Hall 2004; Ohashi and Thomson 2005) , and by increasing the frequency of aggressive interactions. In this study, the amount of sunflower seeds was an experimental variable, while distance, the number of visits where seeds were acquired, and the number of peanuts were statistically controlled. Our design did not allow for a measure of competition.
Sunflower seed volume and the number of visits with seed acquisition are binary and continuous estimates, respectively, of the number of seeds obtained by the focal chipmunk. The volume of sunflower seeds provided did not significantly affect the sampling rate or the change in rate over time. However, the number of visits during which seeds were obtained did predict sampling rate. The 10-fold difference in the amount of seeds provided was reduced to about a 4-fold difference in the number of visits with seed acquisition, likely because of greater exploitation of the 150 mL patches by competitors. Even though the number of sampling visits with seed acquisition provides an imperfect measure of the number of seeds obtained because of unknown variation in seeds per visit, this may more closely reflect the animal's experience of the patch than does the volume of seeds provided. However, it is important to keep in mind that such a correlation between number of visits during the exploitation and sampling phases could arise for other reasons such as tendency to use a particular area. Hall (2004) found that chipmunks which received less food at a patch because of competition with other individuals returned to sample the patch less often after it had been depleted.
Chipmunks that obtained more peanuts sampled at a consistently higher rate over the 4 h observation phase, although there was no evidence that the number of peanuts affected the decline in the rate of sampling over time. This supports the finding of Hall (2004) that sampling by chipmunks is positively related to the amount of food obtained from a patch and suggests that this pattern persists as chipmunks decrease their sampling rate over time. However, because the behaviour of the subjects could affect the number of peanuts received, the increased sampling by chipmunks that received more peanuts may have been due to a factor independent of this study (e.g., individual boldness). This seems unlikely because of the strength of the effect and its consistency even when the data set was reanalyzed using a limited range of peanuts, but it remains a logical possibility.
Distance between a patch and the burrow affects a number of foraging decisions of chipmunks such as patch choice and load size (Kramer 2001) , as well as dominance in aggressive encounters (Elliott 1978) . It also affected sampling rate in a long-term study (Hall 2004) . However, our data provide no evidence that distance to the burrow affected sampling rate or the change in rate over time. It is possible that distance had no effect on short-term sampling because scatter hoarding in the vicinity of the patch (Clarke and Kramer 1994b ) reduced the costs of exploiting distant patches or because animals temporarily concentrated foraging effort in portions of their home range, reducing the cost of sampling in that area (Hall 2004) .
Ecological implications of time-concentrated sampling
The concept of area concentration is an important component of many empirical and theoretical analyses of search behaviour (e.g., Benhamou 1994; Krakauer and Rodríguez-Gironés 1995; Fortin 2002; Hill et al. 2002) , even in nonbiological systems such as computer searches (e.g., Linhares 1999). Area-concentrated search has provided important insights into spatial patterns and predator-prey dynamics (e.g., Kareiva and Odell 1987) . It is surprising therefore that the potential for a temporal analog to area-concentrated search does not seem to have been recognized. Just as areaconcentrated search by predators favours spacing out of potential prey (Tinbergen et al. 1967) , time-concentrated sampling may increase predation risk for prey that reoccupy a site following removal of prior occupants by a predator.
For predators, time-concentrated sampling could be a valuable foraging strategy if patches are, on average, more likely to renew at the same location than to appear at a different location and more likely to renew quickly than to experience a delay. When renewal patterns are unknown, time-concentrated sampling can rapidly provide the necessary information. Many studies of area-concentrated searching have assumed a fixed strategy (e.g., Dixon 1959; Nakamuta 1985; Benhamou 1992) . It is worth considering that areaconcentrated search might also provide information which could be used to adjust the spatial distribution and duration of search effort (e.g., Smith 1974; Bell 1985; Haskell 1997 ).
Alternative models of time-related sampling patterns
The concept of time-concentrated sampling has similarities to several other paradigms in psychology and behavioural ecology but is distinct from them. Extinction is a widely studied phenomenon in associative learning where animals, after having been rewarded for exhibiting a given behaviour (e.g., pecking a key), reduce their rate of response when rewards cease (Roberts 1998) . The rate of extinction is sensitive to the conditions of the previous reward, including its frequency and quantity (Gollub and Urban 1958; Nevin 1974; Tombaugh 1974; Mellgren and Elsmore 1991) . Unlike time-concentrated sampling, however, extinction focuses on the decline in use of a behaviour pattern rather than use of a location. Furthermore, the emphasis is on the mechanisms involved in learning that reward has ceased rather than the potential advantages of continuing to repeat an action that might yield rewards in the future.
Studies of spatial learning sometimes use a win-shift/ win-stay paradigm in which an animal, having previously found food, usually in a radial maze, either returns to the same location (win-stay) or avoids that location (win-shift) in a subsequent test (Laughlin and Mendl 2000) . Like time-concentrated sampling, this paradigm recognizes that animals may revisit depleted sites with a win-stay strategy (Olton et al. 1981; Laughlin and Mendl 2000) , but generally considers that animals will be either win-stay or winshift. We suggest that win-stay and win-shift are likely to be extremes of a continuum based on time since the previous reward and the animals' experience and inherent expectations of the spatial consistency of rewards.
Research on learning rules develops quantitative descriptive models of how animals estimate the value of multiple patches to allocate search effort, using weighted averages of experiences at each patch. Like time-concentrated sampling, learning rules predict responses to sudden decreases in reward at a feeder (Kacelnik and Krebs 1985; Kacelnik et al. 1987) . However, learning rules that model a delay in abandoning a feeder in response to a cessation of rewards have been considered inefficient (Kacelnik and Krebs 1985) . From the perspective of time-concentrated sampling, such a delay may be adaptive if the feeder has the potential to switch back to a high reward level (i.e., renew).
The ''temporal weighting rule'' (Devenport and Devenport 1993 , 1994 , 1998 Mazur 1996; Devenport et al. 1997 ) uses a formula to devalue information about the value of a patch with time since it was acquired. This model has been used to predict temporal changes in patch choice of several species in both laboratory and field studies Devenport 1994, 1998; Mazur 1996; Devenport et al. 1997) . Such changing preferences could lead to a pattern like timeconcentrated sampling (C. Hall, unpublished data). In summary, the temporal pattern of revisiting previously rewarded sites has been of interest to researchers from a variety of fields, but their focus has tended to be mechanistic. The concept of time-concentrated sampling can remind us that a functional perspective on renewal patterns of the resource and information gain by the subject may need to be considered to properly evaluate such mechanisms.
Conclusions
We have identified time-concentrated sampling as a temporal analog to area-concentrated search and have shown that it occurs in wild eastern chipmunks in their natural habitat. There is correlational evidence that the amount of sampling is affected by the initial experience of the patch. While much remains to be learned about the plasticity and generality of this pattern and the relevant stimuli for flexible responses, time-concentrated sampling has important implications for trade-offs between resource gain and information gain in foragers and for predator-prey dynamics.
